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The rapid development of communication systems with mobile receivers at higher
data rates has lead to the importance of studies on information transfer over highly
time varying channels. Under such circumstances, the channel variations become
fast and the receiver is unable to track the channel during the predefined block
length. Here existing results for the channel capacity and the optimal input distri-
bution, under the assumption of knowledge of the channel state information (CSI)
are no longer valid. In reality the capacity is significantly reduced in the absence of
the CSI at both the transmitter and the receiver. Furthermore, finding the optimal
input distribution with no CSI is considered an important problem in information
theory.
This thesis first considers the important case of Gaussian signalling in both
single input single output (SISO) and multiple input multiple output (MIMO) fading
channels with no CSI. For such a signalling scheme we develop closed form solutions
for the mutual information at any signal to noise ratio (SNR) for any number of
antennas. Furthermore, we use these new expressions to identify the bounds at high
SNR and particularly the use of optimal antennas at both ends of a communication
system.
To overcome the existing difficulties in calculating the optimal input and the
capacity, a novel approach is shown to identify the key characteristics of the opti-
mal input in non-coherent Rayleigh fading MIMO channels. Unlike most work in
the literature, this leads to a capacity upper bound which can be obtained without
extensive simulations for any antenna number at any SNR. Furthermore, the capac-
ity is shown numerically, deriving the optimal input distribution for any antenna
number using a scaler channel model. In particular, some key properties of the op-
timal input distribution at low SNR is investigated studying the loss in information




AWGN Additive White Gaussian Noise
CDMA Code Division Multiple Access
CIR Channel Impulse Response
CSI Channel State Information
DC Direct Current
FDM Frequency Division Multiplexing
FH/SS Frequency Hopped Spread Spectrum
GPS Global Positioning System
GSM Global System for Mobile Communication
i.i.d. Independent and Identically Distributed
ISI Inter Symbol Interference
LDPC Low Density Parity Check
LOS Line Of Sight
MC-CDMA Multi Carrier Code Division Multiple Access
MCM Multi Carrier Modulation
MIMO Multiple Input Multiple Output
MRC Maximal Ratio Combining
OFDM Orthogonal Frequency Division Multiplexing
pdf Probability Density Function
SISO Single Input Single Output
SMS Short Message Services
SNR Signal to Noise Ratio
STBC Space Time Block Code
SVD Singular Value Decomposition
TDMA Time Division Multiple Access
UWB Ultra Wideband
WCDMA Wideband Code Division Multiple Access
WLAN Wireless Local Area Network
ix
xA† Complex conjugate transpose of matrix or vector A
det(A ) Determinant of matrix A
In n× n Identity matrix
Ex{·} Expectation operator of a random process x
Ωx Average input power constraint in a SISO system




|x| Euclidean or L2 norm of vector x
I(A;B) Mutual information between random variables A and B
δ(·) Delta function
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